Abstract: Hurricanes are costly natural disasters periodically faced by households in coastal and, to some extent, inland areas. Public agencies must understand household behavior to develop evacuation plans that align with evacuee choices and behavior. This paper presents a previously unknown household-level hurricane evacuation destination type choice model. The discrete choice of destination type is modeled using a nested logit model. Although previous literature considers only houses of friends and relatives and hotels for modeling purposes, this paper incorporates public shelters, churches, and an aggregated destination type denoted other. This research found that the variables influencing this choice include hurricane position at evacuation time, household geographic location, race, income, preparation time, changes in evacuation plans, previous experiences with major hurricanes, household members working during the evacuation, and evacuation notices. The findings of this paper are useful to understand the competition among destination types and how the characteristics of the demand can be used to develop evacuation strategies, such as increasing and/or decreasing use of public shelters, and measuring the effect of evacuation notices in areas with high accessibility to hotels.
Introduction
Hurricanes are one of the most dangerous and costly weather-related natural hazards in the United States. From 1981 to 2010, hurricanes were responsible on average for about 47 fatalities per year. This is one of the highest fatality rates compared with floods, lightningrelated events, and tornados. However, between 2001 and 2010, the average fatalities per year related to hurricanes increased to 116, which ranks hurricanes and heat as the most deadly natural hazards (NOAA 2011) .
In [2005] [2006] [2007] [2008] , hurricanes, and in a smaller proportion tropical and subtropical storms, were responsible for approximately 2,835 fatalities in the Atlantic basin (1,551 fatalities and monetary damage over $125.5 billion in the United States) (Brown et al. 2010; Brennan et al. 2009; Franklin and Brown 2008; Beven et al. 2008) . The most catastrophic hurricane in this time period was Hurricane Katrina (1,500 deaths and around $81 billion in property damage in the United States) (Beven et al. 2008) .
Considering these devastating impacts and the role of evacuation on their mitigation, it is the responsibility of public agencies to understand all the dimensions of an evacuation process. Comprehensive evacuation plans must integrate transportation theory with evacuation behavior. Lindell and Prater (2007) list the principal behavioral variables for the development of transportation models in hurricane evacuations. They also describe empirical data relevant to estimating models that link social science research with transportation engineering. In their work, models are classified into three major groups: trip generation, departure timing, and destination and/ or route choice.
Trip generation is related to the question of whether to evacuate. Several researchers (Hasan et al. 2011c; Dash and Gladwin 2007; Lindell et al. 2005; Whitehead et al. 2000; Gladwin and Peacock 1997) use statistical and econometric models to understand this decision, which is a function of variables related to households' socioeconomic characteristics, household location, and hazard characteristics. Likewise, understanding departure timing allows the prediction of dynamic evacuee demand and the development of effective evacuation strategies. This phenomenon has been studied by some researchers (Hasan et al. 2011a; 2004; Sorensen 1990 ) using statistical and econometric models related to environmental, social, and demographic factors.
However, hurricane evacuation destination choice has only been studied by a small number of researchers who provide assumptions and definitions useful to understand and model this choice (Cheng et al. 2008; Barrett et al. 2000; Southworth 1991; Wilmot et al. 2006) . Three types of zonal-level models have been used to represent destination choice; these are the gravity model ), intervening opportunity model , and multinomial logit (MNL) model (Cheng et al. 2008 ). These models only consider houses of friends and relatives and hotels as possible destinations. Likewise, they focus on zonal trip distribution without incorporating the choice among destination types and considering the percentage of evacuees traveling to each destination type as a given input.
A better understanding of the household-level characteristics driving destination type choice is important for public agencies and researchers to recognize the factors that encourage households to select their more desired destinations. Some examples that show the advantages of having this information include recognizing public 1 shelter demand and improving their locations and settings; developing better evacuation notices per population segment, giving advice on what destination types to choose; developing cooperative programs with hotels guaranteeing some levels of demand; and recognizing potential regions that are attractive for evacuees to anticipate traffic congestion. Likewise, comprehensive hurricane evacuation models must consider all dimensions involved in this process, and destination type choice is not an exception.
This research develops a household-level nested logit (NL) model to understand hurricane evacuation destination type choice. The model contributes to hurricane evacuation research by identifying the variables influencing destination type choice among four common alternatives: houses of friends and relatives; hotels; public shelters and churches; and other. Data from Hurricane Ivan 2004 is used to calibrate the model. This is the first model of its type found in hurricane evacuation modeling literature.
The remainder of this paper is organized as follows. Literature Review presents a literature review on hurricane evacuation destination choice. The Data section discusses the dataset used to develop the model, which is followed by a review of the modeling in Methodology. Estimation Results and Discussion presents and discusses the estimation results. Finally, Conclusions and Future Direction summarizes the major findings and presents future research extensions.
Literature Review
This section reviews previous works related to hurricane evacuation destination choice and highlights the need for household-level destination type choice models. Barrett et al. (2000) , define evacuation destination as the location to which the evacuee is traveling to seek safety. Barrett et al. (2000) and Southworth (1991) provide assumptions for modeling primarily what Lindell and Prater (2007) refer to as the proximate destination, which is the point in the transportation network where the evacuee exits the risk area. The ultimate destination refers to both the town and/or city and the type of accommodation where the evacuees will stay until they can return to their homes (Lindell and Prater 2007) . The second part of this ultimate destination (accommodation type) is the focus of this paper. Two of the assumptions of Barrett et al. (2000) allude to the ultimate destination: the location where the evacuee is predicted to seek safety or the evacuation location recommended in the evacuation plan. Similarly, Southworth (1991) mentions following an evacuation plan, but also recognizes that evacuees will display some degree of dispersion in their destination selection, depending upon such factors as the location of friends and relatives and the speed of the hazard onset. This last observation suggests that observed, behavioral studies would be useful in modeling evacuees' ultimate destinations.
The town, or traffic analysis zone, portion of the ultimate destination is related to the trip distribution step of a transportation planning model, where origins and destinations are matched at the aggregate, rather than household or individual, level. Mei (2002) and Modali (2005) indicate that before their study, no model of trip distribution for evacuations appears to have been developed, with the exception of the Oak Ridge Emergency Management System (OREMS) package. Wilmot et al. (2006) tested both a gravity model and an intervening opportunity model for trip distribution under hurricane evacuation conditions, concluding that the gravity model offers better results. These models are only applicable to aggregated zones and must be calibrated for each accommodation type independently, which ignores the process related to how evacuees choose among destination types. Cheng et al. (2008) use a MNL model for hurricane evacuation destination choice at the zonal level. They present two separate MNL models for friends and relatives and hotel and/or motel choice, where each evacuation zone is an alternative (28 alternatives). They found that destination (zone) choice is affected by the trip distance and the following variables related to the destination zone: risk, White population, total population (for friends and relatives), presence of a major metropolitan area (for friends and relatives), number of hotels (for hotel and/or motel), and presence of an interstate highway (for hotel and/or motel). These models require strong aggregation assumptions to have a manageable number of alternatives in the choice set and do not consider the destination type choice.
The homes of friends and relatives are widely acknowledged to be the most preferred accommodation type, followed by hotels and/ or motels (Smith and McCarty 2009) . Mei (2002) , Modali (2005) , and Chen (2005) listed the ranges of evacuee percentages choosing each type as 69-55% for friends' and/or relatives' homes, 13-26% for hotels and/or motels, and 3-12% for public shelters. The preference for relatives' homes over public shelters is consistent with earlier social findings (Drabek and Boggs 1968; Moore et al. 1963; Quarantelli 1982) .
Despite their relative lack of use (Mileti et al. 1992) , public shelters are required for some types of emergencies, such as nuclear power plant emergencies, and are critical resources for some evacuees. Lower income evacuees are more likely to use public shelters (USACE 2001; Mileti et al. 1992; Moore et al. 1963 ). Lindell and Prater (2003) suggest that lower income households are in temporary housing longer than other income groups because of a lack of resources and their homes having higher preimpact vulnerability because of location or construction. Other factors associated with public shelter use include the evacuation of a city (vs. a town), type of emergency (hurricanes showed the highest use), night time evacuation, publication of shelter availability, age, ethnicity, and proportion of the population evacuated (Mileti et al. 1992) . The United States Army Corps of Engineers (USACE 2001) found that the greater the hazard at the evacuees' locations, the less frequently they reported selecting public shelters.
The variables race and age, indicated as significant by Mileti et al. (1992) , were not statistically significant in the logistic regression models of Smith and McCarty (2009) for the accommodation types friends' and/or relatives' homes, hotels and/or motels, and public shelters. Their models for Florida hurricane evacuations are separate for each accommodation type. Among the investigated variables, Smith and McCarty found household size and number of years living in Florida to be highly significant in selecting friends' and/or relatives' homes, and gender was significant to a lower degree. The statistical significance of the years in Florida decreased in the hotel and/or motel model and further decreased in the public shelter model. In addition to this variable, the hotel and/or motel model had home ownership and living in a mobile home as moderately significant. The public shelter model showed living in a mobile home and income as marginally significant, as well as the years living in Florida. In addition to race and age, education was insignificant in all three models.
The previous review indicates that few household-level hurricane evacuation models for destination type choice have been developed so far, especially models that account for the utility differences among the options. This paper addresses this gap in the literature by developing a model using the Hurricane Ivan 2004 survey (Morrow and Gladwin 2005) . The consistent finding of socioeconomic status being at least marginally significant to the accommodation type selection leads to the inclusion of this consideration in this study. Although the significance of race/ethnicity is mixed in the previously reviewed literature, it is considered in the models here. This study also includes variables indicating the hazard at the evacuees' homes, which are significant in the USACE (2001) study; here, the hazard is reflected by the distance from the hurricane, elapsed time between the decision to evacuate and the action of evacuating, and whether an evacuation notice is received. The evacuees' home states are also considered, which could reflect statespecific evacuation guidance or experiences. Previous experience with hurricanes is included, because of its relationship with the number of years living in a particular area, which was significant in the study of Smith and McCarty (2009) . An indicator of being required to work during the evacuation is included. Work obligations have been shown to reduce the likelihood of evacuation (Baker 1991 ), but if damage or conditions are hazardous enough, workers may evacuate at the last minute to closer destinations. Other variables specific to the Ivan dataset, such as whether the final accommodation type is the same as the one originally selected, are also investigated in this study. Because data availability determines some modeling constraints, an overview of the dataset is presented in the following section.
Data
Data from a Hurricane Ivan 2004 survey (Morrow and Gladwin 2005 ) is used to calibrate the model. (Access to this data set was provided by Dr. Gladwin as part of ongoing collaborations). This survey includes a random sample from the area adjacent to the hurricane path in Alabama, Florida, Louisiana, and Mississippi. Households were asked 116 questions about evacuation decisions and behavior, home mitigation and/or preparation, household circumstances and economic impacts, as well as household information needs. For those surveyed households that evacuated (1,443 of 3,200; 45.09%), there is a specific question related to the type of destination they used. From those that evacuated, 1,419 identified their destination type. Fig. 1 presents the percentage of evacuees per destination type. Consistent with the findings in previous evacuations, homes of friends and relatives (FR) and hotels (H) are the most preferred destination types. Because there are few households evacuating to public shelters, churches, and working places, the first and second types are aggregated in a destination type called public shelters and churches (PSC). This is considered to be a reasonable aggregation given the similar characteristics of these destination types. Likewise, the destination type workplace is aggregated with the destination type that aggregates other unspecified destinations or so-called other (O). Fig. 2 presents a tag cloud that gives an idea of the heterogeneous mixture of destinations encapsulated in the destination type O (without workplace), where the highest frequency for a word is four. Table 1 presents summary statistics for those variables in the survey that were significant in the modeling process and other complementary variables. Table 1 shows that the percentages of evacuees per state related to each destination type follow similar trends compared with the total reported values (i.e., FR is the more desired destination type, followed by H, O, and finally PSC). It is interesting to observe that the percentage of evacuees going to H in Louisiana is very close to the percentage going to FR. This trend allows the recognition of a potential indicator variable for Louisiana that affects the selection of H.
The number of evacuees that changed their destinations after leaving home is higher for those who finally selected hotels. This insight is useful to define an indicator variable that captures this change and improves the explanatory power of other variables.
In general, a high number of households where a member had to work during the evacuation process evacuated to FR.
Additionally, a high percentage of households experienced a major hurricane before Ivan. This trend is more prominent for those households evacuating to FR.
Another variable tested in the model is the average distance between the hurricane and household's zip code centroid at evacuation time. This variable is computed using online data from Historical Hurricane Tracks, which is available on the National Oceanic and Atmospheric Administration website (NOAA 2010) . The centroids of the zip codes reported in the survey data and the measurements to the hurricane track are estimated with the software TransCAD (2007). On average, this distance is smaller for households that evacuate to PSC.
From the variables related to household race, it is possible to appreciate that White households present the highest proportions for all destination types. A high number of households with this characteristic evacuated to FR and H. A similar trend is observed with households that present as African American. The number of households related to other races is considerably low; thus, they are not considered in the model.
A high percentage of households that received an evacuation notice choose FR and H. In general, for few households, the time between the decision for evacuating and the actual evacuation is #6 hours. The data show a higher proportion of households with this characteristic evacuating to FR.
Finally, many of the households with 2004 income less than $25,000 evacuate to FR.
As a consequence of data cleaning, the final models were estimated with slightly less observations than those present in the entire data set. The total number of observations used in the model is 1,029.
The following section presents the methodology followed to develop the household-level NL model for hurricane evacuation destination type choice.
Methodology
An important task in developing a household-level hurricane evacuation destination type choice model is selecting a modeling framework that accurately represents this decision and fits the available data set. The destination type choice can be approached using discrete choice models such as MNL, NL, and MNL with random parameters. This section reviews these models and presents the process followed to select the NL approach. Some of the mathematical derivations used in this section are based on the discrete choice theory presented by Train (2009) and Washington et al. (2011) .
As presented in the Literature Review, one of several decisions that a household h faces in a hurricane evacuation is what evacuation destination type j to chose among a set of alternatives J. Discrete choice theory assumes that each household h knows and assigns a utility U hj to each destination type j 2 J. Finally, the selected alternative j p is the one that represents the maximum utility to h, that is, j p such that U hj p 5 ½maxðU hj Þj" j 2 J. Although U hj , " j 2 J is unknown to the researcher; it can be estimated as U hj 5 V hj 1 ɛ hj . The representative utility V hj can be computed as V hj 5 bx hj , where x hj is a vector of variables or attributes of h obtained from the Hurricane Ivan 2004 survey, and b is a set of estimated coefficients associated with each attribute. Furthermore, ɛ hj captures unobserved factors that affect U hj .
In the MNL model (McFadden 1981; McFadden 1978) , the probability P hj that household h chooses the destination type j 2 J can be computed as
The b parameters can be estimated using maximum likelihood methods. In the MNL case, the following log-likelihood function is used to estimate them:
where d hj 5 ð1, 0Þ 5 1 if the observed destination type chosen by household h 2 H is j 2 J and 0 otherwise. A critical assumption in the MNL model is the disturbance terms ɛ hj are assumed to be independently and identically independent from irrelevant alternatives (IIA) distributed. The IIA property indicates that the relative probability of choosing an alternative remains the same if another option is removed from the choice set. This assumption does not hold when a subset of the alternatives share the same unobserved effects. In this case, the model has major specification errors.
The NL model (McFadden 1981) overcomes the IIA assumption problem by nesting alternatives and cancelling out their shared unobserved effects. The unconditional probability of household h 2 H choosing destination type j 2 J is given by P h ð jÞ 5 P h ðiÞP h ð jjiÞ. In this expression, P h ðiÞ is the unconditional probability of household h selecting the group of alternatives in nest i 2 I, and P h ð jjiÞ is the conditional probability of selecting alternative j in nest i, given that j is part of i. The following expressions present the formal mathematical formulation for these probabilities:
where LS hi 5 inclusive value, also known as log sum value; and w i 5 estimable parameter with the following characteristics: (1) the inequality 0 # w i # 1 must hold to be consistent with the formal NL derivation; (2) if w i 5 1, the nested model reduces to a MNL; (3) if w i # 0, the factors that increase the likelihood of choosing destination type j in nest i decrease the likelihood of choosing nest i; and (4) if w i 5 0, the correct model is recursive (separated). Both MNL and NL models assume that the estimated parameters are fixed across all the observations. If this assumption does not hold, the parameters and the corresponding probabilities are inconsistently estimated. This limitation is overcome by using MNL with random parameters or mixed logit models (Train 2009; McFadden and Train 2000) . In these models, the probability of household h choosing destination type j, P m h ð jÞ, is given by the following expression: In addition to the modeling framework selection, estimating a destination type choice model requires the selection of appropriate variables that can be used to explain this process. Although the available data set presents 116 questions that could be potential explanatory variables, many of them are endogenous to the dependent modeled variable, that is, there is some causality between a large number of questions in the survey and the question of which destination type was chosen. This is illustrated by the following example. Although introducing information related to how much money a household spent per day on the evacuation could naively increase the goodness of fit of the model, it is evident that this variable is a direct implication of the destination type chosen, and hence, is endogenous to the choice itself, that is, the selection of an hotel increases the daily expenses compared with other destinations, but this increment was already considered and assumed by the household when choosing a hotel. After a comprehensive analysis of the data set, a reduced set of variables is considered for testing in the model.
The overall process of selection and estimation of the final model is presented next. The software used to estimate these models is Limdep 7 (1995). After data cleaning and the identification of potential endogenous variables, a MNL model is initially developed. Because the Hurricane Ivan 2004 survey does not provide information about the complete set of alternatives available to each household when they evacuate, it is assumed that the four destination types are available to each household in the development of the models. After having a MNL model with acceptable goodness of fit, a MNL model with random parameters is formulated and tested. After several trials, it is found that the standard deviations of the random parameters are not significantly different from zero. Hence, it is concluded that a model with fixed parameters is reasonable to depict this phenomenon. To check whether the model presents problems with the IIA assumption, a NL model is formulated. The formulation of such a model is not an easy task because there is no evident nesting structure to group alternatives sharing unobserved effects. As a starting point, the heterogeneous composition of the destination type O provides a basis for handling it as a separate nest. Then, it is observed that the accommodation type FR presents some specific characteristics that differentiate it from other public facilities such as PSC and H. These characteristics are related to the familiarity that evacuees have with the people in the destination place that is not present in PSC and H, which involve sharing space with unknown people, following some behavioral rules set by figures of authority, such as public shelter managers, priests, or hotel staff, that could be relaxed or found at a different level by choosing FR. Likewise, there are some personal emotions attached to the destination type FR that might not exist with public facilities such as PSC and H. After this analysis, the nesting structure in Fig. 3 is proposed. The significant estimation results shown in the following section indicate that this is an appropriate structure to capture the unobserved shared effects among alternatives and overcome the IIA assumption violation.
Estimation Results and Discussion
In this section, the estimation of a NL model for hurricane evacuation destination type choice is presented. The model is estimated to determine this choice among four destination types: PSC, FR, H, and O. PSC and H are grouped in a nest denominated public facilities (PF) (Fig. 3) .
After following the methodology presented in the previous section and a large number of estimation trials, the results of the best model specification are presented in Table 2 . Model statistics are presented in Table 3 .
All variables presented in Table 2 are statistically different from zero with a level of confidence greater than 95%, which is expected for any meaningful statistical and/or econometric model. Likewise, the inclusive value (Logsum) parameter w PF for the PF nest is in the range (0,1) and statistically different from one and zero with a level of confidence greater than 95%. Table 4 presents the elasticity for the continuous variables and pseudoelasticity for the binary indicator variables of each alternative. Values in Table 4 correspond to the average percentage change in output with respect to a 1% change in the value of the variable.
The indicator variable for households located in Louisiana that previously experienced an evacuation related to a major hurricane captures specific evacuation conditions and memories affecting the choice process. Table 4 shows that a marginal increment of this variable on average decreases the probability of selecting PSC and Fig. 3 . Nested logit structure for hurricane evacuation destination type choice has some marginal increment in the probability of selecting H, FR, and O. This increment is higher for the alternative H.
After estimating the average distance between the hurricane and the centroid of the zip code where the household is located, measured at evacuation time, the natural logarithm of this distance is used in the model rather than the distance itself. This decision is taken because using the linear value indicates that an undefined increment of this distance has the same linear effect in the choice probabilities, which is not realistic. Thus, using the natural logarithm of the distance allows considering the notion that, after some threshold, the changes in this distance might be imperceptible for the households. The elasticity in Table 4 shows that a 1% change in the natural logarithm of this distance, on average, decreases the probability of choosing PSC by 2.57% and increases the probability of choosing FR and O by 0.05%, and H by 0.33%, indicating a marginal preference to select H when the hurricane is far away from the household location. The decrement in the probability of choosing PSC is expected because of the lower levels of comfort that evacuees experience when they stay in PSC for long periods. It is expected that households evacuating when the hurricane is far away from their location can reach places that are at a safe distance and most likely will be different from PSC. This dynamic feature of the model is important for public agencies to determine the expected demand of evacuees going to public shelters as the hurricane approaches a determined location.
On average, being White increases the household's probability of selecting O by 6.41% and decreases the probability of choosing other destinations by 0.75%. The White race indicator variable encapsulates idiosyncratic and socioeconomical characteristics that make this population segment more attracted to O.
The pseudoelasticity related to the low-income indicator variable (households with 2004 income less than $25,000) suggests that, on average, low-income households have a higher probability of selecting PSC. Likewise, they increase their probabilities of choosing FR and O but in a smaller proportion. This intuitive result shows that low-income households reduce their probabilities of choosing H, which could be a more expensive alternative compared with the other three destination types. PSC are usually located close to residential areas that might involve lower transportation expenses than other destination types. Likewise, they do not require a fee as destination types such as H do.
On average, households that evacuated to a destination different from the one selected before leaving their homes have higher probability of selecting H. In contrast, on average, it decreases the probability of selecting PSC. Similar to the location variable, this variable is used to capture unobserved effects that are not appreciable from the survey questions and increase the number of observations available in the data set. Although there are different aspects that can influence this decision (e.g., congestion effects, hurricane damage to the original destination, and no vacancy, among others), this information is not available in the current data set. Some underlying insights behind this suggest future studies to understand the factors influencing this change and what the initially selected destinations were.
Continuing with the analysis of the variables, households that experienced short time periods between their decisions to evacuate and their actual evacuations, on average, are less likely to choose H. This result is related to the amount of time required to find and book a hotel. Likewise, in an evacuation context, hotels could be saturated by evacuees looking for safe places, which could hinder their proper selection by households that did not plan to evacuate early enough. These households increase their probabilities of choosing FR, O, and PSC. On average, the probability of selecting PSC has a higher increment. This could be related to households needing to quickly find shelter and finding PSC to be the more convenient destination at the last minute. Households receiving an evacuation notice, either mandatory or nonmandatory, on average, increase their probability of choosing H. On average, they slightly reduce their probabilities of choosing FR and O (by 0.54%), but strongly reduce their probability of choosing PSC (by 1.09%). This result reflects the impact of preparedness on evacuation decisions. Evacuation notice is a tool that can improve the welfare of evacuees by letting them select destinations that are more comfortable than PSC. This finding is important for agencies in charge of developing hurricane evacuation plans, in the sense that issuing evacuation notices early enough can decrease the amount of demand going to PSC and reduce the necessity of large numbers of PSC facilities. Additionally, accessibility and availability of H in the surrounding areas can complement PSC demand reduction strategies.
Households with members that have to work during the evacuation process, on average, increase their probabilities of choosing H and O. Because work place is a destination choice aggregated in type O, households with working members might evacuate to their work places. Likewise, working under these hazardous conditions could involve some additional income that eases the selection of H.
Finally, households that have previously experienced an evacuation related to a major hurricane may have realized the importance of having an emergency plan, which is likely to make them more independent in their emergency logistics. This is confirmed in other hazards such as earthquakes. It was observed that people were better prepared when a 7.3 magnitude earthquake hit Indonesia on January 10, 2012 because of their previous experience (Schonhardt 2012 ) . Likewise, experiences are perceived differently in different geographic locations. The marginal effects show that previous hurricane experience, on average, represents a significant increment in the probability of selecting FR (0.38% for households in Florida, 0.19% for households in Alabama, 0.34% for households in Mississippi). Likewise, this feature is related to an average decrease in the probabilities of choosing PSC, H, and O. This result suggests that previous experience may encourage households to plan for the next event, including accommodations. FR is well known to be the most attractive type of accommodation (Modali 2005; Chen 2005; Mei 2002; Mileti et al. 1992; Drabek and Boggs 1968; Moore et al. 1963) , and preplanning the logistics to arrive there may make their execution easier.
Conclusions and Future Directions
This paper presents a NL model for hurricane evacuation destination (accommodation) type choice using Hurricane Ivan 2004 data. A nest denoted PF aggregates the destination types PSC and H. FR and O are also considered as alternatives in the choice set. Variables influencing this decision include household location, socioeconomic characteristic, evacuation attributes, previous hurricane experience, and hurricane position.
Literature related to hurricane evacuation destination type choice is limited. Previous researchers developed approaches to distribute the flow of evacuees among predefined evacuation regions. Because it has been observed that destination town and/or city choice is influenced by the accommodation type chosen, these models require segregating the demand by accommodation type before assigning it to an evacuation region. However, there is no evidence of a rigorous statistical model used to define these shares. Instead, they are based on general proportions obtained in posterior analysis or individual logistic regression models. This paper presents a novel choice model that can be used to determine the probability that each household in a hazardous region chooses an accommodation type among the four previously mentioned alternatives. This is another improvement to previous research, which only considered two alternatives (FR and H) .
From a practitioner perspective, given a population threatened by a hurricane and known data (either by collection or estimation) related to socioeconomic, hurricane specific, and evacuation specific features (i.e., the variables that are significant in this research), the presented model can be applied to determine the number of households that will head to each of the four modeled destination types. This information is important to determine the potential supply of evacuation facilities (e.g., PSC and H), and estimate whether the available capacity is sufficient. Likewise, public agencies and researchers can benefit from the model by recognizing the factors that influence the use of public shelters, its competition with other destination types, the possibilities of cooperation with hotels, and the tradeoffs between increasing capacity of public shelters or issuing evacuation notices early enough to speed up the evacuation process. Furthermore, using household-level behavioral models increases the modeling realism by increasing the level of detail that can be achieved with these models. Ideally, this model could be integrated with a larger set of behavioral models into an agent-based simulation framework to comprehensively model the hurricane evacuation process and detect emergent behavior that is not easily observable from the individual analysis of separated decisions.
Future extensions to this work include relaxing some of its limitations. The first idea to improve the model is collecting more data pertaining to socioeconomic information and variables that are independent from the evacuation destination choice, reducing the number of endogenous variables. Given that future surveys might not ask about the set of destination types available for the surveyed household, an extension to this research would be to include modeling techniques like Choice Set Generation (Swait 2001) to build more accurate models. Likewise, it is expected that the availability of more data with more variation between observations propitiates the development of MNL models with random parameters, relaxing the assumption of fixed parameters found in this paper. Likewise, testing transferability of the model to other hurricane contexts is an interesting future research direction. Regarding this extension, Hasan et al. (2011b) found that the decision of whether to evacuate can be transferable among hurricane evacuation contexts, which opens the possibility of finding affirmative results for other hurricane evacuation behavioral models. Additionally, this work can be used to develop more sophisticated hurricane evacuation models for the joint decisions of whether to evacuate, when to evacuate, and/or where to evacuate, or the joint choice of hurricane evacuation destination type and evacuation distance that can be approached by discrete-continuous models, including selectivity-bias correction (Mannering 1986 ).
